INTRODUCTION
The invariant chain (Ii) plays a critical role in MHC class II representing antigen peptide (Warmerdam et al., 1996) . The Ii gene is isoform in alternatively spliced forms (Bikoff et al., 1998) . The wild type of Ii, isoform p33 of human or Ii-1 of chicken, can enhance the presentation of an Ii-dependent MHC class II-restricted epitope (Gregers et al., 2003b; Zhong et al., 2004) . The structural integrity of p41 or Ii-2, another isoform, appears mandatory for its inhibitory properties (Mihelic and Turk 2007) . In a further study, it was found that the protein-protein interaction between Ii and transmembrane domains of the MHC class II molecules may help to stabilize formation of MHC-Ii complex (King and Dixon, 2010) . Ii also regulates antigen presentation and therefore can favor MHC II or CD1 antigen presentation and thereby discriminate between antigens (Gelin et al., 2009) .
Also named CD74, Ii belongs to type II of transmembrane proteins. It is distributed on the surface of various immune cells, dendritic cells (Clark et al., 1992) , alveolar macrophages of the lung (Takahashi et al., 2009) , microglia of the brain (Adamek et al., 2009) , epithelial cells in the intestine (Cuthbert et al., 2009) , glomerular and tubular cells of the kidney (SanchezNiño et al., 2009 ) and heart (Miller et al., 2008) , and malignant cells (Vera et al., 2008) . CD74 is a receptor of macrophage migration inhibitory factor and plays an important role in signal binding and transferring information in the pathogenesis of diabetic nephropathy (Sanchez-Niño et al., 2009) or in both acute and persistent stages of bladder inflammation (Vera et al., 2008) .
Ii contains 5 domains: cytoplasmic domain (Cd), transmembrane domain (Tm), class II-associated Iiderived peptide (CLIP), trimerization domain, and thyroglobulin domain (Tg; Figure 1 ). The Cd is necessary and sufficient for Ii targeting to the endosomal compartment via the plasma membrane, a significant fraction of the Ii molecules, alone or in the complex MHC class II (Rudensky et al., 1994; Vogt et al., 1995; Xu et al., 2008) . The Tm plays a role in the formation of Ii trimers (Ashman and Miller, 1999) and in the degradation of Ii (Frauwirth and Shastri, 2001) , so it may influence MHC class II molecule on functions of complex formation and antigen presentation (Dixon et al., 2006) . The CLIP interacts with class II molecules (Jasanoff et al., 1998) .The trimerization domain mediates trimerization on the generation of this endosomal localization signal (Arneson and Miller, 1995) . The Tg in the p41 isoform has the ability to inhibit cysteine, cation-dependent proteinases, and cathepsin S and also is a controlling factor in the process of antigen ABSTRACT The invariant chain (Ii) plays a critical role in MHC class II-associated chaperone representing antigen peptide and receptor. In this study, we cloned goose Ii cDNA by 5′ and 3′ rapid amplification of cDNA ends and tested its mRNA expression in the different tissues by fluorescent quantitative PCR. Two Ii isoforms, GIi-1and GIi-2, were 1,204 and 1,393 bp in length, respectively, and were found in all tested tissues. The expression of GIi in all tested tissues of 2-mo-old geese was higher than in that of embryos and in immune tissues was higher than in other tissues. The comparison of Ii sequences among pigeon, zebra finch, duck, chicken, quail, mouse, human, Pan troglodytes, and Salmo salar in the phylogenetic tree showed that they were classified into 5 lineages. Ii contains 5 functional domains. Further comparison between full-length Ii and each of the 5 domains of 6 species indicated a distinct difference. In 3-dimensional structures some amino acid residues located at critical sites in Ii structural region were identical or similar, which suggests that these residues were important in maintaining Ii essential secondary structures such as β-turn.
presentation (Lenarcic and Bevec, 1998; Turk et al., 1999) . Therefore, it is an important and widespread control mechanism of antigen presentation (Mihelic et al., 2008) .
In this paper, we present cloned goose Ii cDNA and its mRNA expression level in different tissues. We also compare Ii structural homology of the goose with other species.
MATERIALS AND METHODS

Geese and Embryos and RNA Extraction
Geese (2 mo old) and goose embryos (27 d) were obtained from a breeding poultry farm in Anhui Province, China. Ten tissues, including brain, liver, lung, muscle, blood, kidney, heart, bursa, thymus, and spleen of 2-mo-old geese and goose embryos, were freshly collected and immediately frozen in liquid nitrogen for further use. Total RNA was extracted from these tissues by Trizol reagent (Takara, Dalian, China) according to the manufacturer's protocol. Briefly, samples were homogenized in 1 mL of Trizol reagent, and then 0.2 mL of chloroform was added to each sample. All samples were centrifuged at 12,000 × g for 15 min at 4°C to separate the mixture. The RNA in the aqueous phase was precipitated with 0.5 mL of isopropyl alcohol, and after centrifugation the pellets were washed with 75% ethanol. The total RNA was treated by DNaseI and RNase Inhibitor (Takara) at 37°C 30 min, adding phenol-chloroform-isopentanol (25:24:1) to the extract 3 times to get a high concentration and good quality of RNA. The electrophoresis on 1.2% agar and absorbency of 260 and 280 nm both showed that the RNA was intact and had a high efficiency. The treated RNA was used for reverse transcriptase (RT) PCR.
Cloning of a Segment of Goose Ii with the Degenerate Primers
First-strand cDNA was synthesized with 1.0 μg of RNA that was isolated from peripheral blood cells using an RT-PCR kit (Takara) according to the manufacturer's protocol. The degenerate primers, gIi-up as forward primer and gIi-down as reverse primer (Table  1 ; Figure 1 ), were used to amplify a segment of goose cDNA. The design was based on the regions of high homology among the sequences of poultry Ii (chicken, AY597053, and duck, AY904336). The resulting cDNA was used in subsequent PCR amplifications with Takara LA Taq (Takara) and gene-specific primer gIi-up and gIi-down. Its conditions (30 cycles) were as follows: denaturing for 40 s at 94°C, annealing for 40 s at 52°C, and extension for 2 min at 72°C. The PCR product was subcloned into PMD 18-T vector (Takara) and sequenced by Sengon (Shanghai, China).
Rapid Amplification of cDNA Ends
To obtain the 3′ end cDNA of goose Ii, 3′ rapid amplification of cDNA Ends (RACE) was performed using a 3′-full RACE core set (version 2.0, Takara) according to the manufacturer's instructions. A total of 1 μg of RNA was reverse transcribed using Moloney murine leukemia virus reverse transcriptase with 3′RACE adaptor primer. The synthesized first-strand cDNA was used as the template for 3′RACE reaction. Two forward primers were used: gIi-3′R1 and gIi-3′R2 (Table 1; Figure  1 ); both were designed based on the segment sequence that was obtained by degenerate primers. The reverse 3′RACE outer primer R1 (Table 1 ) was a shorter version of the 3′-RACE adaptor primer without the poly (dT) tail as well as reverse 3′RACE inner primer R2 (Table 1 ). The PCR conditions were recommended by the manufacturer. Two rounds of PCR conditions (20 cycles and 30 cycles) were as follows: denaturing for 30 s at 94°C, annealing for 30 s at 55°C, and extension for 10 min at 72°C. The PCR product was subcloned into PMD 18-T vector (Takara) and sequenced.
To obtain the 5′ end cDNA of goose Ii, a 5′-full RACE core set (Takara) was employed according to the manufacturer's instructions. The gene-specific primers gIi-5′R (Table 1 ; Figure 1 ) were designed and synthesized based on the partial cDNA sequence as 3′RACE. The 5′RACE outer primer R5 (Table 1) was provided in the 5′RACE kit. Briefly, the 5′ cap of mRNA was isolated by tobacco acid pyrophosphatase, and it was reverse transcribed into cDNA by reverse transcriptase Moloney murine leukemia virus. The cDNA was used as the template for gene-specific PCR amplification with the gene-specific primer gIi-5′R and 5′RACE outer primer. Two rounds of PCR conditions (20 cycles and 30 cycles) were as follows: 94°C for 3 min, 94°C for 40 s, 55°C for 30 s, and 72°C for 1 min. The product was subcloned into PMD18-T vector (Takara) and sequenced.
Amplification of Full-Length Goose Ii cDNA and Its Isoform Segments in Different Tissues
The full-length Ii cDNA was amplified with a pair of primers, gIi-S and gIi-A (Table 1; Figure 1 ). The conditions were as follows (30 cycles): 94°C for 3 min, 94°C for 40 s, 50°C for 30 s, 72°C for 2 min, and 72°C for 10 min. The segments of both isoforms, GIi-1 and GIi-2, and goose control gene β-actin were amplified with the primers gIi-Iso-up and gIi-Iso-down and β-a-up and β-a-down (Table 1 ; Figure 1 ), respectively. The conditions were as follows: 94°C for 3 min, 94°C for 40 s, 60°C for 30 s, 72°C for 2 min, and 72°C for 10 min.
Real-Time Fluorescent Quantitative PCR to Analyze Expression Level of Goose Ii in Different Tissues
The mRNA was extracted from different tissues of embryonic and 2-mo-old geese. The cDNA synthesis was carried out with the Primescript first-strand cDNA synthesis kit (Takara) with random 6 mers [pd(N)6] as a primer. Real-time PCR reactions were performed in 20-μL reaction volumes on an ABI 7300 PCR machine (Applied Biosystems, Foster City, CA) with the primers gIi-q1 and gIi-q2 (Table 1 ; Figure 1 ) with the SYBR premix Ex Taq II (Takara). Moreover, the housekeeping gene goose β-actin (GenBank accession no. M26111) was used as an internal control with the primers β-a-up and β-a-down (Table 1; Figure 1 ). The following cycling parameters were used during PCR: initial denaturation at 94°C, 3 min at 94°C, followed by 40 cycles of 15 s at 94°C and 1 min at 60°C. Measurements were taken at the end of the extension phase at 60°C. Relative quantification of the goose Ii gene expression was achieved by normalization against β-actin using the ΔΔCt method of quantification (Livak and Schmittgen, 2001 ) and its relative expression amount was calculated as 2 −ΔΔCt . The brain was chosen as a reference in each respective reaction.
Sequence Analysis
The homology searches of nucleotide and amino acid sequences were conducted using the BLAST algorithm at the National Center for Biotechnology Information (http://www.ncbi.nlm.gov/blast). The deduced amino acid sequence was analyzed with the Expert Protein Analysis System (http://www.expasy.org/).
Ten representative species, including goose, pigeon, zebra finch, duck, chicken, quail, mouse, human, Pan troglodytes and Salmo salar, were chosen for comparison. We used Clustal X (version 1.81; www.clustal.org) multiple sequence alignment online analysis system for sequence alignment and Mega 4.1 (http://www.megasoftware.net/) for analysis of similarity of Ii sequences among different species.
3-Dimensional Modeling
We chose a fragment of human Ii, which is C-terminal to CLIP and comprises residues [118-192 amino acid (aa); Jasanoff et al., 1998 ], and the homologous fragments of goose (122-195), duck (119-192) , and mouse (117-191) for hypothetical 3-dimensional structure models. These models were generated by the Swiss-Model server (http://www.expasy.ch/swissmod/ MODEL.html), and these 3-dimensional structures 
RESULTS
Cloning and Identifying Goose Ii cDNA
First, we cloned the Ii cDNA by RT-PCR with the extracted RNA from goose peripheral blood and amplified a 372-bp nucleotide segment (Figure 1 ) with a pair of degenerate primers. Then, we achieved 2 segments by 3′RACE and 5′RACE, which were 788 and 462 bp in length, respectively (Figure 1) . Finally, we amplified the full-length Ii cDNA, which had 2 isoforms named GIi-1 and GIi-2. GIi-1 consisted of 1,204 bp and its open reading frame (ORF) was about 669 bp (GenBank, HM208131) and contained an ORF with 669 bp. GIi-2 was 1,393 bp long (HM636053) and contained an ORF with 858 bp (Figure 1 ). GIi-2 contained a Tg, but this Tg was absent in GIi-1 (Figure 1 ).
Expression Level of Ii and Distribution of its cDNA Isoforms in Different Tissues
To know the characteristics of goose Ii gene expression in different tissues of the embryonic and 2-mo-old geese, we used fluorescent quantitative PCR to detect its relative expression level. In general, the GIi-1 gene was well expressed in all tested tissues, whereas the relative expression level in all tissues of the 2-mo-old geese was higher than in that of the embryos. Moreover, the level in immune tissues, spleen, bursa of Fabricius, and thymus was higher than in other tissues such as brain, liver, lung, muscle, blood, kidney, and heart of the embryonic and 2-mo-old geese (Figure 2) .
To determine the distribution of goose Ii cDNA isoforms in different tissues of 2-mo-old geese, we designed and amplified a pair of primers, gIi-q1 and gIi-q2, that were near the junction and splicing site. Both cDNA isoforms, GIi-1 and GIi-2, were found in all tested tissues of the embryonic and 2-mo-old geese (Figure 3) .
Comparison of the Predicted Ii Amino Acid Sequences Among Geese and Other Species
Comparison of the encoded Ii amino acid sequences among goose, duck, chicken, quail, mouse, and human showed that they were classified into 3 lineages in the phylogenetic tree (Figure 4) , in which the goose Ii and duck Ii belonged to a close relative lineage and had a 92.3% similarity (Table 2) . Goose Ii had a similarity of 66.7% to chicken and 69.4% to quail (Table 2) . However, a low similarity was found to mammals: 37.7% to mouse and 39.8% to human (Table 2 ). This evidence Figure 2 . Relative quantity of invariant chain (Ii) expression in different tissues from embryonic and 2-mo-old geese. The Ii expression levels were measured in samples from brain, liver, lung, muscle, blood, kidney, heart, bursa of Fabricius, thymus, and spleen. Experiments were performed at least 3 times. Each PCR reaction was performed in duplicate as a technical replicate. No-template negative controls were included. Figure 3 . The mRNA expression of goose invariant chain (Ii) isoforms (GIi-1 and GIi-2) in different tissues. Total RNA (1 μL) from each sample was subjected to reverse-transcriptase PCR and 5 μL of 30-cycle amplifications were separated by electrophoresis on 2.2% agarose gels and stained with ethidium bromide. Expressed products were 135 bp (GIi-1), 323 bp (GIi-2), and 106 bp (β-actin) in size. β-Actin mRNA was used as an endogenous control.
Figure 4. Phylogenetic tree shows the genetic relationships of the invariant chain (Ii) sequences from 10 species: goose, duck, chicken, quail, mouse, human (references as in Table 2 ), pigeon (AAX47311), zebra finch (XP002198782), Salmo salar (ACM09693), and Pan troglodytes (NP001138308). The tree was generated with the Clustal software package (version 1.81; www.clustal.org) by using neighbor-joining algorithm and edited with Mega 4.1 software (http://www.megasoftware.net/). The tree was rooted to midpoint. Horizontal distances are proportional to the minimum number of nucleotide differences required to join nodes. The Ii sequences of these species were classified into 3 major lineages; goose Ii and duck Ii belong to a single lineage. A bar represents the branch length, which is proportional to the genetic distance.
of phylogenetic relationship reflected that the Ii gene diverged from their common ancestral sequences.
Ii contains 5 domains: Cd, Tm, CLIP, trimerization domain, and Tg. To know whether a parallel variance of sequence occurred between the full-length Ii and each of 5 domains of the 6 species, we tested their respective difference. All of the full-length Ii had similarity from 33.5 to 92.3% among the 6 species ( Table 2 ). The similarity of each of the 5 domains among the 6 species showed marked difference: 52.4 to 98.4% for Tg, 53.6 to 100% for Tm, 37.3 to 93.3% for trimerization domain, 25.0 to 88.9% for CLIP, and from 21.4 to 71.4% for Cd (Table 2 ). This result indicated that in each case a significant difference existed in median CV between the full-length Ii and the each domain of these species. On the other hand, the median CV of Cd and CLIP was greater than that of full-length Ii, whereas the median CV of Tm, trimerization domain, and Tg were smaller than that of full-length Ii (Table 2) .
To know the function of identical or similar amino acid residues in Ii domains, we also compared 3-dimensional structure of the Ii partial region sequence of goose, duck, human, and mouse ( Figure 5 ). This fragment in human Ii mediates trimerization of the ectodomain of Ii and binds MHC class II α⁄β heterodimers (Jasanoff et al., 1998) . We found that some amino acid residues, which were located at critical sites and formed the β-turn in this region, were identical [LYS (goose, 146 aa; duck, 142 aa; mouse 141 aa; human, 143 aa) and Met (goose, 160 aa; duck, 156 aa; mouse, 155 aa; human, 157 aa)] or had the same properties (Arg and Gly, Gly and Leu), whereas other amino acid residues showed obvious differences. This suggests that some stably conserved amino acid residues at critical sites were important in forming molecular structure. Kaufman et al. (1999) compared MHC genes between mammals and birds and found that all the genes in the birds have counterparts in the human MHC, though the chicken MHC was roughly 20-fold smaller than the human MHC. Therefore, MHC gene is thought to be an ancestral sequence that existed before the separation of species (Lienert and Parham, 1996) . A relatively conserved Ii molecule structure supports this opinion (Table 2), but its 5 domains have different functions, which results in diversity of their variance degree. The variance gene in Cd and CLIP is higher than in full-lenth Ii; meanwhile, that of Tm and Tg is smaller than in full-length Ii. The Tg is a controlling factor in the process of antigen presentation (Lenarcic and Bevec, 1998; Turk et al., 1999; Mihelic et al., 2008) . The Tm can influence MHC class II in antigen presentation (Ashman and Miller, 1999; Frauwirth and Shastri, 2001 ). All these need Tg and Tm to keep relatively stable structure to avoid loss of function; accordingly, both domains have higher similarity than others. The Cd is necessary for Ii molecule localization and transportation via the plasma membrane (Rudensky et al., 1994; Vogt et al., 1995) , but few residues have been proven as a function motif (Xu et al., 2008) . The CLIP directly occupies grooves of the MHC class II molecule peptide binding region (Gregers et al., 2003a) , which is most the polymorphic region in all known molecules (Silva and Edwards, 2009 ). These allow both domains to vary in relatively high degree. Trimerization domain acts on MHC II to form heterotrimer with MHC α/β chains as αβγ (Ii was γ chain; Pieters, 1997) . Its variance influences assembly and maturation of MHC II class molecule. It has medium diversity among 5 Ii domains of 6 species. However, as Figure 5 indicates, the conserved residues in the important fragment for trimerization were mainly located at limited sites, which form some key structural region such as β-turn and determine molecule function.
DISCUSSION
Conserved Amino Acid Residues at Critical Sites in the Molecule is Essential for Ensuring Ii Structure and Functions
All these indicated the relationship between variance and function of different segments in a same immune molecule. A gene mutation is stochastic and the distribution of variance sites in molecules is not equipoised; therefore, if a mutation occurs at some sites influencing molecular function, the individual would be eliminated as a result of genetic deficiency. This phenomenon appears not only among different segments (Table 2) but also among sites ( Figure 5 ).
Relationship Between the Distribution and the Function of Ii cDNA in Different Tissues
In previous work we reported Ii cDNA isoforms of chicken, whose difference appeared in structure as a result of alternative splicing patterns (Bikoff et al., 1998; Zhong et al., 2004) . It is well known that Ii is an important chaperone for MHC class II (Jasanoff et al., 1998) . It is also a receptor for migration inhibitory factor (Sanchez-Niño et al., 2009) . Moreover, Ii isoforms p33 and p41 in human have respective functions (Gregers et al., 2003b; Mihelic and Turk, 2007) . Our results reveal that 2 Ii isoforms were expressed in all tested tissues.
In addition, we detected Ii expression in all tested tissue (Figures 3 and 4) . This result displays that Ii is an active immune molecule. In immune tissues, spleen, thymus, and bursa of Fabricius, Ii as MHC class IIassociated chaperone was apparently well expressed because of present abundant lymphocytes. It is interesting that Ii could be well expressed in nonimmune tissue, such as brain, kidney, liver, lung, and in muscle, such as brain, kidney, and heart, because few immune cells are distributed in these tissues. This result suggests that Ii might have activity in presenting antigen and in other biological functions. A relatively stronger Ii expression was detected in grown geese than in embryonic geese (Figure 2 ), which reveals that Ii molecule is more active and its expression is stronger in the developmental tissues.
